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(57) ABSTRACT

A display system includes a line-of-sight tracking camera to
detect an eyeball of a driver, first and second stereo cameras,
a controlling unit, and a storing unit. The first and second
stereo camera photographs a range corresponding to a field-
of-view based on stereo camera-based line-of-sight informa-
tion that is changed based on line-of-sight tracking camera-
based line-of-sight information, and provide a photographed
image. The controlling unit converts the line-of-sight tracking
camera-based line-of-sight information into first and second
stereo camera-based line-of-sight information based on pre-
stored position and rotation information of the tracking cam-
era and the first and second stereo cameras, and project the
converted information onto the first and second stereo cam-
eras, such that a three-dimensional line-of-sight coordinate is
calculated. The storing unit stores information related to a
system as well as the position and rotation information of the
tracking camera and the first and second stereo cameras.

16 Claims, 6 Drawing Sheets
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1
LINE-OF-SIGHT TRACKING SYSTEM AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims benefit of priority
to Korean Patent Application No. 10-2012-0143921, filed on
Dec. 11, 2012 in the Korean Intellectual Property Office, the
entire contents of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD

The present inventive concept relates to a display system
and method.

BACKGROUND

Currently, as disclosed in Patent Document 1, various
vehicle safety apparatuses for the convenience and safety of a
vehicle driver have been developed.

More specifically, a line-of-sight tracking technology of
securing a line-of-sight of a driver in a vehicle and using the
secured line-of-sight to provide a real time front image of a
road on which the vehicle is driven, an alarm service, and the
like, has been provided.

However, the above-mentioned line-of-sight tracking tech-
nology has been mainly optimized in a two-dimensional (2D)
environment, such as verification of efficiency of an adver-
tisement, an interface utilizing a display, or the like, in which
only a direction of a line-of-sight is detected.

Meanwhile, since the driver views an actual environment,
e.g., 3D environment, with the naked eyes at the time of
driving the vehicle, there is a limitation in accurately detect-
ing a direction of a line-of-sight only with a line-of-sight
vector detected in the 2D environment.

RELATED ART DOCUMENT

[Patent Document]
(Patent Document 1) KR 10-2011-0139474 A

SUMMARY

Accordingly, the present inventive concept has been made
to solve the above-mentioned problems occurring in the prior
art while advantages achieved by the prior art are maintained
intact.

One aspect of the present inventive concept relates to a
display system and method for detecting a three-dimensional
based driver’s line-of-sight coordinate. The display system
includes a line-of-sight tracking camera configured to detect
an eyeball of a driver. First and second stereo cameras are
configured to photograph a range corresponding to a driver’s
field-of-view based on stereo camera-based driver’s line-of-
sight information changed from line-of-sight tracking cam-
era-based driver’s line-of-sight information and provide a
photographed image. A controlling unit is configured to con-
vert the line-of-sight tracking camera-based driver’s line-of-
sight information into first and second stereo camera-based
driver’s line-of-sight information based on pre-stored posi-
tion information and rotation information of the line-of-sight
tracking camera and the first and second stereo cameras and
project the converted information onto the first and second
stereo cameras, such that a three-dimensional coordinate of a
driver’s line-of-sight is calculated. A storing unit is config-
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2

ured to store information related to the display system as well
as the position information and the rotation information of the
line-of-sight tracking camera and the first and second stereo
cameras.

The line-of-sight tracking camera-based driver’s line-of-
sight information may include a line-of-sight tracking vector
monocular eye point and a line-of-sight tracking vector. The
controlling unit may be configured to convert the line-of-sight
tracking camera-based line-of-sight tracking vector monocu-
lar eye point into a stereo camera-based line-of-sight tracking
vector monocular eye point.

The controlling unit may be configured to convert the line-
of-sight tracking camera-based line-of-sight tracking vector
monocular eye point (Location) (X;,.7°,Y ;.7 Zsp.> ¢, 1) into
a stereo camera-based line-of-sight tracking vector monocu-
lar eye point (x,, 5%y, &b 7, #°b 1) through the fol-

c

lowing Equation 1:

L0071 o 0 0

) 01 0 #,[0 costy —sind, 0
Location = i

00115, 0 sind, cosf, 0O

ooo0 1|0 O 0 1

Positive

Movement

cosf, 0 —sind, 01 cosd, —sing, 0 01 e
0 1 0 1 || sinf, cosf, 0 0O ngj
sind, 0 cosf, O 0 0 L0 || g2
0o 0o o 1JLoO 0 011

Y axis rotation Z axis rotation

wheret, ", t 7, andt  “ mean position information, and 6,
8,, 6, mean rotation information.

The line-of-sight tracking camera-based driver’s line-of-
sight information may include a line-of-sight tracking vector
monocular eye point and a line-of-sight tracking vector, and
the controlling unit may convert the line-of-sight tracking
camera-based line-of-sight tracking vector into a stereo cam-
era-based line-of-sight tracking vector.

The controlling unit may be configured to convert the line-
of-sight tracking camera-based line-of-sight tracking vector
(Koo Y o 602,075, 1) into a stereo camera-based line-of-

sight tracking vector (Rotation) (x,,.2°"*y, 2",
7,.,.2°%* 1) through the following Equation 2:
1 0 0 0
0 cosf, -sinf, 0
Rotation = .
0 sinf, cosf, 0
0 0 0 1
X axis rotation
cos, 0 —sind, 0]rcosd, —sind, 0 07[*%c
0 1 0 0| sin@, cosd, 0 0| vive
sind, 0 cosf), O 0 0 10| z%
o 0o o 1]l 0 0 011

Y axis rotation Z axis rotation

where 6,, 6,, 6, mean rotation information.

The controlling unit may be configured to calculate a driv-
er’s line-of-sight gaze point from a stereo camera-based line-
of-sight tracking vector projected onto the first and second
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stereo cameras and calculate the three-dimensional coordi-
nate of the driver’s line-of-sight based on the calculated driv-
er’s line-of-sight gaze point.

The controlling unit may be configured to generate a win-
dow corresponding to a preset main gaze range of a person’s
line-of-sight on an image projected onto the first stereo cam-
era, move a monocular eye point of the generated window
according to a first stereo camera-based line-of-sight tracking
vector, perform template matching such that the moved win-
dow corresponds to a line-of-sight tracking vector of the
second stereo camera, and recognize a highest position as a
driver’s line-of-sight gaze point as a result of the performing
of the template matching.

The three-dimensional coordinate of driver’s line-of-sight
may be P(Xp, Yp. Zp).

T
Y, =y and Z, = f

X, =x 7

T
rE

>
X1 — Xy

where P,(x,, y,) is a point at which P is projected onto an
imaging surface of the first stereo camera, P,(x,, y,) is a point
at which P is projected onto an imaging surface of the second
stereo camera, fis a focal length of'the camera, T is a distance
between the first and second stereo cameras, and d is a value
obtained by dividing a distance of a coordinate measuring
point by the focal length of the camera.

Another aspect of the present inventive concept encom-
passes a display method providing a three-dimensional driv-
er’s line-of-sight in a display system including a line-of-sight
tracking camera and first and second stereo cameras. The
display method includes detecting an eyeball of a driver
through the line-of-sight tracking camera to recognize line-
of-sight tracking camera-based driver’s line-of-sight infor-
mation. The line-of-sight tracking camera-based driver’s
line-of-sight information is converted into first and second
stereo camera-based driver’s line-of-sight information based
on pre-stored position information and rotation information
of the line-of-sight tracking camera and the first and second
stereo cameras. A driver’s line-of-sight gaze point is recog-
nized based on the first and second stereo camera-based driv-
er’s line-of-sight information. The driver’s line-of-sight gaze
point is converted into a three-dimensional coordinate of a
driver’s line-of-sight.

The line-of-sight tracking camera-based driver’s line-of-
sight information may include a line-of-sight tracking vector
monocular eye point and a line-of-sight tracking vector. In the
converting of the line-of-sight tracking camera-based driver’s
line-of-sight information into the first and second stereo cam-
era-based driver’s line-of-sight information, the line-of-sight
tracking camera-based line-of-sight tracking vector monocu-
lar eye point may be converted into a stereo camera-based
line-of-sight tracking vector monocular eye point.

In the converting of the line-of-sight tracking camera-
based driver’s line-of-sight information into the first and sec-
ond stereo camera-based driver’s line-of-sight information,
the line-of-sight tracking camera-based line-of-sight tracking
vector monocular eye point (Location) (X,,.7°,Y1oe ™ s Zioe s
1) may be converted into a stereo camera-based line-of-sight
tracking vector monocular eye point (x,, 5%y, &%,
7,,.£°7* 1) through the following Equation 1:
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100,01 o 0 0
) 010 #,|[0 costy —sinf, 0
Location = .
00 1 g,]|l0 sinfx cosé: 0
o000 1 |lO O 0 1
P X axis roration
Movement

cosfy 0 —sinfy O][cosh, —sing, 0 07[*3e

0 1 0 0 sinf, cosf, 0 0|y

sing, 0 cosf, 0 0 0 10 et

0 0 0 1]L0 0 01l

Y axis rotation Z axis rotation

wheret,,%, t,,.”, and t, ° mean position information, and 8,,
8,, 6, mean rotation information.

The line-of-sight tracking camera-based driver’s line-of-
sight information may include a line-of-sight tracking vector
monocular eye point and a line-of-sight tracking vector, and
in the converting of the line-of-sight tracking camera-based
driver’s line-of-sight information into the first and second
stereo camera-based driver’s line-of-sight information, the
line-of-sight tracking camera-based line-of-sight tracking
vector may be converted into a stereo camera-based line-of-
sight tracking vector.

In the converting of the line-of-sight tracking camera-
based driver’s line-of-sight information into the first and sec-
ond stereo camera-based driver’s line-of-sight information,
the line-of-sight tracking camera-based line-of-sight tracking
VeCtor (X, 7%V ee s Zuoe . »1) may be converted into a stereo
camera-based line-of-sight tracking vector (Rotation)
(X, By, &b 7. P4l 1) through the following Equa-
tion 2:

vec

1 0 0 0

0 cosf, -sinf, 0
Rotation = .

0 sinf, cosf, 0

0 0 0 1

X axis rotation

eye

cosf, 0 —sind, 07cosh, —sind, 0 07 ¥
0 1 0 0| sin@, cosd, 0 0| vive

sind, 0 cosf, O 0 0 1 0| 22
0 0 0 1l O 0 01l

Y axis rotation Z axis rotation

where 6,, 6,, 6, mean rotation information.

In the recognizing of the driver’s line-of-sight gaze point,
the first and second stereo camera-based driver’s line-of-sight
information may be projected onto the first and second stereo
cameras. The driver’s line-of-sight gaze point may be recog-
nized based on the information projected onto the first and
second stereo cameras.

In the recognizing of the driver’s line-of-sight gaze point
based on the information projected onto the first and second
stereo cameras, a window corresponding to a preset main
gaze range of a person’s line-of-sight may be generated on an
image projected onto the first stereo camera. A monocular eye
point of the generated window may be moved according to a
first stereo camera-based line-of-sight tracking vector. Tem-
plate matching may be performed such that the moved win-
dow corresponds to a line-of-sight tracking vector of the
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second stereo camera. A highest position may be recognized
as a driver’s line-of-sight gaze point as a result of the perfor-
mance.

The three-dimensional coordinate of the driver’s line-of-
sight may be P(Xp, Yp, Zp),

T

>
X — X,

T T
Xp:xlg, Yp:ylg,and Z,=f

where P,(x,, y,) is a point at which P is projected onto an
imaging surface of the first stereo camera, P,(x,,y,) is a point
at which P is projected onto an imaging surface of the second
stereo camera, fis a focal length of'the camera, T is a distance
between the first and second stereo cameras, and d is a value
obtained by dividing a distance of a coordinate measuring
point by the focal length of the camera.

Various features and advantages of the present inventive
concept will be more obvious from the following description
with reference to the accompanying drawings.

The terms and words used in the present specification and
claims should not be interpreted as being limited to typical
meanings or dictionary definitions, but should be interpreted
as having meanings and concepts relevant to the technical
scope of the present inventive concept based on the rule
according to which an inventor can appropriately define the
concept of the term to describe most appropriately the best
method he or she knows for carrying out the inventive con-
cept.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the inventive concept
will be apparent from a more particular description of
embodiments of the inventive concept, as illustrated in the
accompanying drawings in which like reference characters
may refer to the same or similar parts throughout the different
views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the
embodiments of the inventive concept.

FIG. 1 is a view showing a configuration of a display
system according to an exemplary embodiment of the present
inventive concept.

FIG. 2 is a flow chart for describing a display method
according to an exemplary embodiment of the present inven-
tive concept.

FIGS. 3 to 6 are views showing an example for describing
a display method according to the exemplary embodiment of
the present inventive concept.

DETAILED DESCRIPTION

The above and other objects, features and advantages of the
present inventive concept will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings. In the specification, in add-
ing reference numerals to components throughout the draw-
ings, it is to be noted that like reference numerals designate
like components even though components are shown in dif-
ferent drawings. Further, when it is determined that the
detailed description of the known art related to the present
inventive concept may obscure the gist of the present inven-
tive concept, the detailed description thereof will be omitted.
Hereinafter, exemplary embodiments of the present inventive
concept will be described in detail with reference to the
accompanying drawings.
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6

FIG. 1 is a view showing a configuration of a display
system according to an exemplary embodiment of the present
inventive concept. The display system will be described with
reference to FIGS. 3 to 6 showing an example for describing
a display method.

As shown in FIG. 1, a display system 100 may be config-
ured to include a line-of-sight tracking camera 110, a first
stereo camera 120, a second stereo camera 130, a controlling
unit 140, and a storing unit 150.

More specifically, the line-of-sight tracking camera 110
may detect an eyeball of a driver in a vehicle.

As shown in FIG. 3, the line-of-sight tracking camera 110
may be disposed at a position at which the line-of-sight track-
ing camera 110 may detect a face of the driver in the vehicle
to detect the eyeball of the driver.

The first and second stereo cameras 120 and 130 may
photograph a range corresponding to a driver’s field-of-view
based on stereo camera-based driver’s line-of-sight informa-
tion and provide a photographed image. The stereo camera-
based driver’s line-of-sight information may be changed
based on line-of-sight tracking camera-based driver’s line-of-
sight information.

As shown in FIG. 3, the first and second stereo cameras 120
and 130 may be disposed such that the first and second stereo
cameras 120 and 130 are spaced apart from each other so as to
correspond to each other at respective sides with respect to the
driver.

In addition, the first and second stereo cameras 120 and 130
may share internal parameters (a focal length, a principal
point, skew, and distortion) and/or external parameters (rota-
tion and translation) with each other, such that it is possible to
restore a single position to a three-dimensional position.

The controlling unit 140 may convert the line-of-sight
tracking camera-based driver’s line-of-sight information into
first and second stereo camera-based driver’s line-of-sight
information based on pre-stored position information and
rotation information of the line-of-sight tracking camera 110
and the first and second stereo cameras 120 and 130. The
controlling unit 140 may project the converted information
onto the first and second stereo cameras 120 and 130, thereby
calculating a three-dimensional coordinate of the driver’s
line-of-sight.

Here, the line-of-sight tracking camera-based driver’s line-
of-sight information may include a line-of-sight tracking vec-
tor monocular eye point E-1 (see FIG. 3) and a line-of-sight
tracking vector E-2 (see FIG. 3).

More specifically, the controlling unit 140 may convert the
line-of-sight tracking camera-based line-of-sight tracking
vector monocular eye point (Location) (X;,.”°,¥1oe™ " s Zioe s
1) into a stereo camera-based line-of-sight tracking vector

monocular eye point (x,, £y, & 7, &°bal 1) through
the following Equation 1.
100 5,1 o 0 0 [Equation 1]
) 01 0 #,[0 costy —sind, 0
Location = i
00115, 0 sind, cosf, 0O
000 1 |lO O 0 1

Position

Movement
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-continued
cosf, 0 —sinf, 07[cosd, —sin, O 07xpe
0 1 0 0| sing, cosd, 0 0|y
sind, 0 cosf), 0 0 0 L 0] g2
o 0o o 1JL0 0 0111

Y axis rotation Z axis rotation

In Equation 1,t__*, t_ %, and t_ * mean position informa-
tion, and 6,, 6,, 6, may mean rotation information.

Further, in Equation 1, first to fourth matrix groups mean
position movement, X axis rotation, y axis rotation, and z axis
rotation, respectively.

In addition, the controlling unit 140 may convert the line-
of-sight tracking camera-based line-of-sight tracking vector
KooV voe s Z e, 1) Int0 a stereo camera-based line-of-

sight tracking vector (Rotation) (x,, 2"y, 5",
z,..2°%* 1) through the following Equation 2.
1 0 0 0 [Equation 2]
0 cosf, -sinf, 0O
Rotation = .
0 sing, cosf, 0
0 0 0 1
X auis rotation
cosfy, 0 —sind, Olrcosd, —sind, O 07[*vec
0 1 0 0| sind, cosd, 0 0|y
sinf, 0 cosf, 0O 0 0 10|22
o 0o o 1JL0 0 0 11

Y axis rotation Z axis rotation

8., 6,, 8, may mean rotation information.

Further, in Equation 2, first to third matrix groups mean x
axis rotation, y axis rotation, and z axis rotation, respectively.

In addition, the controlling unit 140 may calculate a driv-
er’s line-of-sight gaze point from the stereo camera-based
line-of-sight tracking vector projected onto the first and sec-
ond stereo cameras 120 and 130 and calculate the three-
dimensional coordinate of driver’s line-of-sight based on the
calculated driver’s line-of-sight gaze point.

More specifically, the controlling unit 140 may generate a
window corresponding to a preset main gaze range (for
example, about +3 to 5 degrees) of a person’s line-of-sight, on
an image projected onto the first stereo camera 120 and move
a monocular eye point of the generated window according to
a first stereo camera-based line-of-sight tracking vector.

That is, an image most similar to the stereo camera-based
line-of-sight tracking vector projected onto the first and sec-
ond stereo cameras 120 and 130 may be recognized as a focus
of the line-of-sight.

Although the case in which the stereo camera-based line-
of-sight tracking vector is projected onto the first stereo cam-
era 120 has been described above, the present inventive con-
cept is not limited thereto. That is, the stereo camera-based
line-of-sight tracking vector may also be projected onto the
second stereo camera 130.

For example, FIG. 4A shows a stereo camera-based line-
of-sight tracking vector projected onto the first stereo camera
120. FIG. 4B shows a stereo camera-based line-of-sight
tracking vector projected onto the second stereo camera 130.

Here, the controlling unit 140 may move a monocular eye
point of the window projected onto the first stereo camera 120
from @ to @ through @ according to the first stereo cam-
era-based line-of-sight tracking vector.
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In addition, the controlling unit 140 may perform template
matching such that the moved window corresponds to a line-
of-sight tracking vector of the second stereo camera 130 and
recognize the highest position as a driver’s line-of-sight gaze
point as a result of the performance.

Here, the template matching means a process of extracting
a given figure that coincides with a template from an image by
means of a figure recognizing process, thereby finding the
highest peak point in a cross-correlation scheme.

For example, as shown in FIG. 4B, the controlling unit 140
may perform the template matching such that the moved
window corresponds to the line-of-sight tracking vector of the
second stereo camera 130.

Further, the controlling unit 140 may calculate the three-
dimensional coordinate of the driver’s line-of-sight. In this
case, the three-dimensional coordinate of the driver’s line-of-
sight may be P(Xp, Yp, Zp).

Referring to FIG. 5, the three-dimensional coordinate of
the driver’s line-of-sight may be (P(Xp, Yp, Zp)),

T
Y,=y1—,and Z, = f

X,=x
P 1 .
d x| — X,

T
rE

Here, P, (x,,y,) may be a point at which P is projected onto
animaging surface of the first stereo camera. P,(x,,y,) may be
apoint at which P is projected onto an imaging surface of the
second stereo camera. f may be a focal length of the camera.
T may be a distance between the first and second stereo
cameras. d may be a value (d=Z,/1) obtained by dividing a
distance of a coordinate measuring point by the focal distance
of the camera.

Further, in FIG. 5, 1, , means an imaging surface of the first
stereo camera (left camera) 120. 1, ,, means an imaging
surface of the second stereo camera (right camera) 130. C,
means an image monocular eye point of the first stereo cam-
era. C, means an image monocular eye point of the second
stereo camera. O, means a focal point of the first stereo cam-
era. O, means a focal point of the second stereo camera.

Meanwhile, the three-dimensional coordinate of the driv-
er’s line-of-sight may be applied as a user interface for a
vehicle.

For example, as shown in FIG. 6, the three-dimensional
coordinate of the driver’s line-of-sight may be applied to a
turn-on or turn-off service of a head up display (HUD). The
three-dimensional coordinate of the driver’s line-of-sight
may be used in a manner that the service is driven, when a
focal length is present in a HUD area, to change alarm
strength according to a line-of-sight distance when a front
vehicle suddenly brakes.

The storing unit 150 may store information related to a
system as well as the position information and the rotation
information of the line-of-sight tracking camera 110 and the
first and second stereo cameras 120 and 130.

Here, the position information and the rotation information
of the line-of-sight tracking camera 110 and the first and
second stereo cameras 120 and 130 may be recognized and
stored through a previous physical measurement or informa-
tion from software such as camera calibration, or the like.

FIG. 2 is a flow chart for describing a display method
according to an exemplary embodiment of the present inven-
tive concept.

First, the display system 100 may detect an eyeball of a
driver through the line-of-sight tracking camera 110 to rec-
ognize a line-of-sight tracking camera-based driver’s line-of-
sight information (S101).
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Here, the line-of-sight tracking camera-based driver’s line-
of-sight information may include a line-of-sight tracking vec-
tor monocular eye point and a line-of-sight tracking vector.

Then, the display system may convert the line-of-sight
tracking camera-based driver’s line-of-sight information into
first and second stereo camera-based driver’s line-of-sight
information based on pre-stored position information and
rotation information of the line-of-sight tracking camera 110
and the first and second stereo cameras 120 and 130 (S103).

In this case, the display system 100 may convert the line-
of-sight tracking camera-based line-of-sight tracking vector
monocular eye point (Location) (X;,.7°, V00" Zs0c 51 ) int0
a stereo camera-based line-of-sight tracking vector monocu-
lar eye point (x,, &7y, &Pz &°Pal 1y through the
above Equation 1.

In addition, the display system 100 may convert the line-
of-sight tracking camera-based line-of-sight tracking vector
KooV oo s Zee %, 1) Int0 a stereo camera-based line-of-
sight tracking vector (rotation) (x,, 2%y, 8" 7., &%
1) through the above Equation 2.

Next, the display system 100 may recognize a driver’s
line-of-sight gaze point based on the first and second stereo
camera-based driver’s line-of-sight information (S105).

More specifically, the display system 100 may project the
first and second stereo camera-based driver’s line-of-sight
information onto the first and second stereo cameras 120 and
130.

Next, the display system 100 may recognize a driver’s
line-of-sight gaze point based on the projection information
onto the first and second stereo cameras 120 and 130.

This may be accomplished by a step of generating a win-
dow corresponding to a preset main gaze range of a person’s
line-of-sight on an image projected onto the first stereo cam-
era 120, a step of moving a monocular eye point of the
generated window according to a first stereo camera-based
line-of-sight tracking vector, a step of performing template
matching such that the moved window corresponds to a line-
of-sight tracking vector of the second stereo camera 130, and
a step of recognizing the highest position as a driver’s line-
of-sight gaze point as a result of the performing of the tem-
plate matching.

For example, FIG. 4A shows a stereo camera-based line-
of-sight tracking vector projected onto the first stereo camera
120. FIG. 4B shows a stereo camera-based line-of-sight
tracking vector projected onto the second stereo camera 130.

Here, the display system 100 may move a monocular eye
point of the window projected onto the first stereo camera 120
from @ to @ through @ according to the first stereo cam-
era-based line-of-sight tracking vector.

In addition, as shown in FIG. 4B, the display system 100
may perform the template matching such that the moved
window corresponds to the line-of-sight tracking vector of the
second stereo camera 130.

Next, the display system 100 may convert the driver’s
line-of-sight gaze point into a three-dimensional coordinate
of the driver’s line-of-sight (S107).

The three-dimensional coordinate of the driver’s line-of-
sight may be P(Xp, Yp, Zp),

where

T T T
Xp:xlg,}’p:ylg,and Zp:fxl—x'
-

In addition, P,(x,, y,) may be a point at which P is pro-
jected onto an imaging surface of the first stereo camera.
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P,(x,, y,) may be a point at which P is projected onto an
imaging surface of the second stereo camera. f may be a focal
length of the camera. T may be a distance between the first
and second stereo cameras. d may be a value obtained by
dividing a distance of a coordinate measuring point by the
focal distance of the camera.

With the display system and method according to an exem-
plary embodiment of the present inventive concept, since
two-dimensional based driver’s line-of-sight information is
converted into three-dimensional based driver’s line-of-sight
information, a driver’s line-of-sight direction having a more
precise three-dimensional depth as compared with the related
art may be detected.

In addition, with the display system and method according
to an exemplary embodiment of the present inventive con-
cept, since a three-dimensional line-of-sight focal length of
the driver may be recognized, an object in an external envi-
ronment may be easily and precisely judged, and information
for recognizing the intention of the driver, or the like, may be
variously utilized.

Although exemplary embodiments of the present inventive
concept have been disclosed for illustrative purposes, it will
be appreciated that the present inventive concept is not lim-
ited thereto, and those skilled in the art will appreciate that
various modifications, additions and substitutions are pos-
sible, without departing from the scope and spirit of the
inventive concept.

Accordingly, any and all modifications, variations or
equivalent arrangements should be considered to be within
the scope of the inventive concept, and the detailed scope of
the inventive concept will be disclosed by the accompanying
claims.

What is claimed is:

1. A display system, comprising:

a line-of-sight tracking camera configured to detect an

eyeball of a driver;

first and second stereo cameras configured to photograph a
range corresponding to a driver’s field-of-view based on
stereo camera-based driver’s line-of-sight information
that is changed based on line-of-sight tracking camera-
based driver’s line-of-sight information, and provide a
photographed image;

a controlling unit configured to convert the line-of-sight
tracking camera-based driver’s line-of-sight informa-
tion into first and second stereo camera-based driver’s
line-of-sight information based on pre-stored position
information and rotation information of the line-of-sight
tracking camera and the first and second stereo cameras,
and project the converted information onto the first and
second stereo cameras, such that a three-dimensional
coordinate of a driver’s line-of-sight is calculated; and

a storing unit configured to store information related to the
display system as well as the position information and
the rotation information of the line-of-sight tracking
camera and the first and second stereo cameras.

2. The display system according to claim 1, wherein:

the line-of-sight tracking camera-based driver’s line-of-
sight information includes a line-of-sight tracking vec-
tor monocular eye point and a line-of-sight tracking
vector, and

the controlling unit is configured to convert the line-of-
sight tracking camera-based line-of-sight tracking vec-
tor monocular eye point into a stereo camera-based line-
of-sight tracking vector monocular eye point.

3. The display system according to claim 2, wherein the

controlling unit is configured to convert the line-of-sight
tracking camera-based line-of-sight tracking vector monocu-
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lar eye point (Location) (X;,. 7%, Yiee s Zioe > s 1) into a stereo
camera-based line-of-sight tracking vector monocular eye

point (x,, 2%y, £, 7, £°"4 1) through the following
Equation 1:
100 g, 1t o 0 0
Location 010 7,0 costy —sin, 0
001 [iyz 0 sinf, cosf, 0
ooo 1jio 0 0 1]
'""_;;;.;;; _____ X axis rotation
Movement
cosf, 0 —sind, 07cosh, —sind, 0 0 xfgf
0 1 0 0 sinf, cosf, 0 0|y
sing, 0 cosf, O 0 0 10 70
o o o 1jlo 0 o1l

Y axis rotation Z axis rotation

wheret, ., t, .7, and t, " mean position information, and 8,,
0,, ©, mean rotation information.
4. The display system according to claim 1, wherein:
the line-of-sight tracking camera-based driver’s line-of-
sight information includes a line-of-sight tracking vec-
tor monocular eye point and a line-of-sight tracking
vector, and
the controlling unit is configured to convert the line-of-
sight tracking camera-based line-of-sight tracking vec-
tor into a stereo camera-based line-of-sight tracking vec-
tor.

5. The display system according to claim 4, wherein the
controlling unit is configured to convert the line-of-sight
tracking camera-based line-of-sight tracking vector (x,,.”*,
Vieo '3 Zee”5,1) into a stereo camera-based line-of-sight
tracking vector (Rotation) (x,,.5°"*y, 2"z, &% 1)

through the following Equation 2:

1 0 0 0
0 cosf, -sinf, 0O
Rotation = .
sinf, cosf, 0O
0 0 0 1

X axis rotation

eye

cosf, 0 —sind, 07 cosh, —sind, 0 07]*w
0 1 0 0| sing, cos, 0 O | yive

sinOy 0 cosOy 0 0 0 10 el
0 0 0 1 0 0 01 1

Y axis rotation Z axis rotation

where ©_, © ., O, mean rotation information.

6. The display system according to claim 1, wherein the
controlling unit is configured to calculate a driver’s line-of-
sight gaze point from a stereo camera-based line-of-sight
tracking vector projected onto the first and second stereo
cameras and calculate the three-dimensional coordinate of
the driver’s line-of-sight based on the calculated driver’s
line-of-sight gaze point.

7. The display system according to claim 6, wherein the
controlling unit is configured to generate a window corre-
sponding to a preset main gaze range of a person’s line-of-
sight on an image projected onto the first stereo camera, move
a monocular eye point of the generated window according to
a first stereo camera-based line-of-sight tracking vector, per-
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form template matching such that the moved window corre-
sponds to a line-of-sight tracking vector of the second stereo
camera, and recognize a highest position as a driver’s line-
of-sight gaze point as a result of the performing the template
matching.

8. The display system according to claim 1, wherein the
three-dimensional coordinate of the driver’s line-of-sight is

P(Xp, Yp, Zp),

T T
Xp:xlg,}’p:ylg,and Z,=f

>
X — Xy

where P,(x,, y,) is a point at which P is projected onto an
imaging surface of the first stereo camera, P,(X,,y,) is a
point at which P is projected onto an imaging surface of
the second stereo camera, f is a focal length of the
camera, T is a distance between the first and second
stereo cameras, and d is a value obtained by dividing a
distance of a coordinate measuring point by the focal
length of the camera.

9. A display method providing a three-dimensional driver’s
line-of-sight in a display system including a line-of-sight
tracking camera and first and second stereo cameras, the
display method comprising:

detecting an eyeball of a driver through the line-of-sight

tracking camera to recognize line-of-sight tracking cam-
era-based driver’s line-of-sight information;

converting the line-of-sight tracking camera-based driver’s
line-of-sight information into first and second stereo
camera-based driver’s line-of-sight information based
on pre-stored position information and rotation informa-
tion of the line-of-sight tracking camera and the first and
second stereo cameras;

recognizing a driver’s line-of-sight gaze point based on the
first and second stereo camera-based driver’s line-of-
sight information; and

converting the driver’s line-of-sight gaze point into a three-
dimensional coordinate of a driver’s line-of-sight.

10. The display method according to claim 9, wherein:

the line-of-sight tracking camera-based driver’s line-of-
sight information includes a line-of-sight tracking vec-
tor monocular eye point and a line-of-sight tracking
vector, and

the converting of the line-of-sight tracking camera-based
driver’s line-of-sight information into the first and sec-
ond stereo camera-based driver’s line-of-sight informa-
tion includes converting the line-of-sight tracking cam-
era-based line-of-sight tracking vector monocular eye
point into a stereo camera-based line-of-sight tracking
vector monocular eye point.

11. The display method according to claim 10, wherein the
converting of the line-of-sight tracking camera-based driver’s
line-of-sight information into the first and second stereo cam-
era-based driver’s line-of-sight information includes convert-
ing the line-of-sight tracking camera-based line-of-sight
tracking vector monocular eye point (Location) (x,,.%°,
Vil % Z;,.7%1) into a stereo camera-based line-of-sight
tracking vector monocular eye point (x,, £, y, &%,
7,57 1) through the following Equation 1:
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100,11 o 0 0

) 01 0 g,[0 costy —sinf, 0
Location = i

00115, 0 sind, cosf, 0O

ooo0 1|0 O 0 1

L X axis rotation
Position

Movement

eye

cosf, 0 —sind, O07cosh, —sind, 0 07 xpe

0 1 0 0] sing, cosd, 0 0] y2e

sing, 0 cosf, O 0 0 10 et
01 1

Z axis rotation

where t,,.%, t,,.”, and t, ., mean position information, and

XVZ 9 XYz

0,, ©,, ©, mean rotation information.
12. The display method according to claim 9, wherein:

the line-of-sight tracking camera-based driver’s line-of-
sight information includes a line-of-sight tracking vec-
tor monocular eye point and a line-of-sight tracking
vector, and

the converting of the line-of-sight tracking camera-based
driver’s line-of-sight information into the first and sec-
ond stereo camera-based driver’s line-of-sight informa-
tion includes converting the line-of-sight tracking cam-
era-based line-of-sight tracking vector into a stereo
camera-based line-of-sight tracking vector.

13. The display method according to claim 12, wherein the
converting of the line-of-sight tracking camera-based driver’s
line-of-sight information into the first and second stereo cam-
era-based driver’s line-of-sight information includes convert-
ing the line-of-sight tracking camera-based line-of-sight
tracking vector (X, ¥ o s Z,ee ", 1) into a stereo camera-

SZ\/’ZC‘
based line-of-sight tracking vector (Rotation) (x,, 5",

V.. Eo 7, &bl 1) through the following Equation 2:
1 0 0 0
0 cosf, —sind, 0
Rotation = i
0 sind, cosf, 0O
0 0 0 1

X axis rotation

-continued
cosfy, O —sinfd, 0]rcosf, —sind, 0 01 *%c
0 1 0 0 || sing, cosd, 0O 0| viv
5 sing, 0 cosf, 0 0 0 1 0| z2
o 0 o0 1]l.0 0 0141

Y axis rotation Z axis rotation

where ©, ® , ©, mean rotation information.

14. The display method according to claim 9, wherein the
recognizing of the driver’s line-of-sight gaze point includes:

projecting the first and second stereo camera-based driv-

er’s line-of-sight information onto the first and second
stereo cameras; and

recognizing the driver’s line-of-sight gaze point based on

the information projected onto the first and second ste-
reo cameras.

15. The display method according to claim 14, wherein the
recognizing of the driver’s line-of-sight gaze point based on
the information projected onto the first and second stereo
cameras includes:

generating a window corresponding to a preset main gaze

range of a person’s line-of-sight on an image projected
onto the first stereo camera;

moving a monocular eye point of the generated window

according to a first stereo camera-based line-of-sight
tracking vector;

performing template matching such that the moved win-

dow corresponds to a line-of-sight tracking vector of the
second stereo camera; and

recognizing a highest position as a driver’s line-of-sight

gaze point as a result of the performance.

16. The display method according to claim 14, wherein the
three-dimensional coordinate of the driver’s line-of-sight is

P(Xp, Yp, Zp),
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X, =x 7

4 X —Xx,

where P,(x,, y,) is a point at which P is projected onto an
imaging surface of the first stereo camera, P,(X,,y,) is a
point at which P is projected onto an imaging surface of
the second stereo camera, f is a focal length of the
camera, T is a distance between the first and second
stereo cameras, and d is a value obtained by dividing a
distance of a coordinate measuring point by the focal
length of the camera.
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